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Introduction

In the clinical course of anticholinesterase agent intoxication, non-human primates
exhibit an acute onset of ataxia, fasciculations tremors and collapse, followed by
unconsciousness, respiratory halt, and death within ten minutes (1). Unconsciousness is
usually accompanied by severe motor convulsions. The severity of the convulsions is
often related to the time to death following the onset of acute signs. Animals that do
not succumb immediately often have alternating periods of severe convulsions and
quiescence. Many animals die without regaining consciousness; however, some survive
and appear to recover.

Treatment of soman-intoxicated primates with atropine and 2-PAM leads to only
limited improvement in survival. Primates exposed to soman in excess of 2 LD50
succumb in spite of atropine and oxime therapy, although the time to death is often
prolonged significantly. This extended period following exposure to soman is marked by
severe tonic-clonic convulsions (2).

The pretreatment of primates with the carbamate pyridostigmine followed by
atropine and 2-PAM therapy results in a significant improvement in the ability of
primates to survive exposure to multi-lethal concentrations of soman (2,3,4). The initial
pattern of soman intoxication in pyridostigmine pretreated primates is similar to
unpretreated control animals in that the animals still suffer a rapid loss of consciousness,
followed by the onset of severe convulsions which may persist for thirty minutes to two
hours before the animal begins a slow recovery of consciousness. Within 24 to 72 hours.
the animals appear to recover; upon autopsy, however, it is apparent that some areas of
the central nervous system are severely and potentially irreversibly affected (5,6). This
pathology has been shown to be related to the severity of the seizures and convulsive
activity observed following exposure to soman (7,8,9,10,11,12).

In soman-intoxicated animals that have been treated with atropine, the addition of
diazepam either prevents the onset of convulsions or stops the progression of
convulsions to the tonic-clonic stage (13,14). Prevention of this progression of convulsive
activity, by augmenting atropine and 2-PAM therapy with the intramuscular
administration of diazepam, is accompanied by a significant reduction in brain pathology
(15,16).

The dose of diazepam utilized successfully in rhesus monkeys by Lipp ranged from
2 mg/kg to 5 mg/kg (17). A recent investigation utilized a dose of 1 mg/kg of diazepam
to completely abolish convulsive activity in pyridostigmine pretreated animals that were
also treated with atropine and 2-PAM (16). Previous studies demonstrated the
effectiveness of 0.1 mg/kg or 1.0 mg/kg midazolam in pyridostigmine pretreated, atropine
and 2-PAM treated primates that were exposed to 5 LD50 of soman (20). Other studies
in unpretreated animals indicated that the dose of diazepam could be reduced
significantly in the presence of 2-PAM and atropine therapy. The lowest estimate of an



effective dose was 0.335 mg/kg of diazepam when administered in combination with an
oxime, TMB4, and sufficient atropine therapy (18).

To determine whether a rational dose of diazepam can be added to atropine and 2-
PAM therapy, it is important to establish an estimate of the minimal dose of diazepam
required to control soman-induced convulsions. In the current study, a limited number
of rhesus monkeys were pretreated with pyridostigmine, then intoxicated with soman,
and treated with atropine and 2-PAM therapy in a manner similar to a previous study
(2). In addition these primates were treated with varying doses of diazepam required to
stop the progression of tonic-clonic convulsions.

Materials and Methods

A. Experimental Design

The dose of diazepam that would reduce the progression of convulsive seizures was
determined in a minimal number of animals needed to provide a reasonable estimate of
the required dose. The experimental design started with an initial dose of diazepam of
0.250 mg/kg which could be increased or decreased by multiples of 0.050 mg/kg in an
established pattern depending upon the response of the pyridostigmine pretreated,
atropine, 2-PAM and diazepam treated primate following the exposure of the animal to
5 LD50 of soman. The dose of diazepam was reduced by multiples of 0.050 mg/kg in
succeeding animals until a dose of diazepam was established that would not counteract
the soman-induced convulsive episode. The dose of diazepam was then increased to the
lowest effective dose that was capable of suppressing convulsions. The entire
experimental design is illustrated in Table 1.

B. Materials

(1) Pyridostigmine bromide, USP (Mestinon Syrup) (Hoffman-LaRoche Inc.,
Nutley, N.J.). Four 1.2 mg/kg oral doses of Mestinon Syrup (12 mg pyridostigmine
bromide/ml) were administered at eight-hour intervals by nasogastric tube (infant feeding
tube) passed into the stomach of the animal.

(2) Soman (Pinacolyl methylphosphonofluoridate, GD), USAMRICD 2 mg/ml
in saline; additional dilutions were made in saline. A mouse agent (soman) potency test
was carried out within one hour before exposure of primates. Five LD50 of soman,
defined as 76.5 ug/kg, were injected into the gastrocnemius muscle mass with a 1 cc glass
syringe equipped with a 25 gauge 5/8 inch hypodermic needle. The remaining soman
was destroyed by dissolution into concentrated sodium hydroxide in accordance with
USAMRICD SOP SGRD-UV-PB-1-83.
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Table #1

Scheduled Use of Each Animal

Animal Number Dose of Diazepam in ug/kg

1 (control)

2 *250 ()=No convulsion
/ \ +) =Convulsion

DAY 1 3 *150 350

4 *100 200 300 400

5 *50 150 250 350 450

6 (control)

7 Repeat of lowest effective dose of day 1

8 Dose depends on efficacy of diazepam dose in #7

DAY 2

9

10

11

*denotes doses of diazepam actually used



(3) Atropine, USP (WRAIR Div of Experimental Therapeutics), 0.4 mg/kg was
administered intramuscularly in the quadriceps muscle mass one minute following
exposure to 5 LD50 soman using a disposable 25 gauge 5/8 inch hypodermic needle
attached to a 1.0 ml glass syringe.

(4) Pralidoxime Chloride (2-PAM) (WRAIR Div of Experimental Therapeutics)
25.7 mg/kg was administered intramuscularly into the quadriceps muscle mass with a 1.0
ml glass syringe attached to a 25 gauge 5/8 inch hypodermic needle immediately
following the injection of atropine and near the same atropine injection site.

(5) Diazepam 5 mg/ml (Elkins-Sinn Inc., Cherry Hill, N.J.). The dilutions of
diazepam were prepared in the FDA approved vehicle consisting of 40% propylene
glycol, 10% ethanol and 50% water. All injection volumes of diazepam were developed
in a manner that maintained a constant injection volume of 0.1 ml/kg regardless of the
dose of diazepam. The dose of diazepam or the diazepam vehicle was injected
intramuscularly into the quadriceps muscle mass immediately following the injection of
2-PAM and near the same oxime injection site.

(6) A total of eleven male rhesus monkeys (2.9 to 5.5 kg) were supplied by the
Veterinary Medicine and Surgery Branch.

C. Methods

The animals were pretreated with four oral doses of 1.2 mg/kg pyridostigmine
administered at eight-hour intervals. Four hours and ten minutes following the last dose
of pyridostigmine, a blood sample was withdrawn to determine the red cell
cholinesterase activity. Red cell cholinesterase activity was determined by a modification
of the automated delta pH technique (22). The mean pyridostigmine-induced inhibition
of red cell cholinesterase activity was 367, before exposure to soman' The red cell
cholinesterase inhibition of each animal is indicated in the detailed clinical description in
the appendix to this report. Four and one-half hours following tht: last oral dose of
pyridostigmine, the animals were exposed intramuscularly to 5 LD50 (76.5 ug/kg) of
soman and treated one minute later with 0.4 mg/kg atropine sulfate, 25.7 mg/kg 2-PAM
chloride and varying doses of diazepam. Each of these therapeutic doses was
administered separately at a different quadriceps muscle (vastus lateralis) site of the
right hind limb of the animal. The animals were restrained manually during the dosing
procedures and throughout the initial observation period. The time of the onset and the
progression of severe signs of soman intoxication were. carefully monitored to establish
the anticonvulsant effect of varying doses of diazepam. The anticonvulsant efficacy of
varying doses of diazepam is defined in Table 2. The animals were returned to their
holding cages as soon as convulsions had ceased and vital signs were stable.
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Results

The minimal dose of diazepam required to limit soman-induced convulsions in
pyridostigmine pretreated, atropine and 2-PAM treated primates is shown in Table 2.

As indicated in Table 2, the combination of pyridostigmine pretreatment followed
by atropine and 2-PAM therapy without diazepam caused severe convulsions in two
control animals. The lowest effective dose of diazepam (50 ug/kg) reduced convulsions
in one of two subjects. The dose of 100 ug/kg was effective in three of four animals.
Lack of convulsions at 150 ug/kg and 250 ug/kg in only one animal at each dose suggests
that a dose greater than 100 ug/kg may prevent convulsions in all animals. Based on
these observations, 100 ug/kg was accepted as a minimal dose of diazepam that will
prevent convulsions in most animals.

Table 2

Dose of Diazepam # of Animals Observation Mortality
ug/kg i.m.

0 2 Both animals One died at 72
convulsed hrs

50 2 1/2 no
convulsions

100 4(5) 3/4 no Fifth died at
convulsions 9 mins

150 1 No convulsions

250 1 No convulsions Died at 40 hrs

The entire clinical course of soman intoxication and recovery of each animal is

described in the attached appendix.

Discussion

This preliminary study confirmed the ability of lower doses of diazepam than had
previously been reported to decrease the severity of convulsive movement in carbamate
pretreated primates that had been intoxicated with soman and then treated with
atropine, oxime and various doses of diazepam. Reduction in observed convulsive
movements does not necessarily guarantee a complete abolition of electrical seizure
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activity of the central nervous system. Although the animals become quiescent and may
even appear to be in a coma-like state, the central nervous system may continue to
endure severe seizure activity at various sites. This continued seizure activity may still be
associated with the development of lesions in the CNS (23). The ability to determine
whether a minimal dose of diazepam will ensure a halt of the electrical seizure activity in
the central nervous system pathology was not within the scope of this study.

An effort was made to carry out this study in a manner similar to a pyridostigmine
efficacy study completed previously (2). The method used in that study attempted to
simulate field conditions by pretreating the animals with six oral doses of pyridostigmine
before exposure to a severe challenge with soman, followed one minute later by therapy
with atropine and 2-PAM chloride. In this study, only four oral doses of pyridostigmine
were administered to the primates before exposure to soman, which was sufficient to
provide comparable red cell cholinesterase inhibition.

The current study used the same techniques in two control animals and nine
experimental animals treated with varying doses of diazepam. As indicated in the
clinical observation data sheets (appendix), both of the control animals demonstrated all
of the signs of intoxication described in previous reports. Although these animals had
been pretreated with pyridostigmine, followed by atropine and 2-PAM therapy, the
animals became unconscious and convulsed severely for a period of time, then became
quiescent and periodically convulsed again in a severe tonic-clonic pattern.

One of the control animals cycled between severe convulsions and quiescence for a
period of nearly three hours. In previous protocols, animals that convulsed severely and
remained unconscious for several hours developed a poor prognosis for ultimate survival:
therefore, this control animal was treated with a dose of 250 ug/kg of diazepam near the
end of the three hour observation period. It is interesting to note that this relatively low
dose (compared to doses employed in previous protocols) readily halted the severe
convulsions within three minutes. In spite of the previous convulsive cycling episodes,
the convulsive movements never returned in this animal, and the animal regained
consciousness within two hours following the administration of diazepam. This
observation demonstrates that diazepam may be effective not only in limiting the
convulsive episode but also in allowing a more rapid return of consciousness in some
cases.

This is an important observation since there has been some concern as to whether
diazepam could function as an anticonvulsant to stop convulsions once they have
proceeded for a period of time. This assumption has been emphasized by a study
reported at the 1988 RSG-3 conference (19) which stated that seizure activity could not
be halted by diazepam once the convulsive episode, induced by soman in rats, was well
under way. Our observation suggests that diazepam may be effective even if given some
time late in the course of soman intoxication.
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The 5 LD50 challenge dose of soman developed as part of a previous study (2) is
significantly greater than has been reported in other literature sources. A two-fold
increase in the amount of soman administered represents a very severe challenge (in
excess of 10 LD50). Although the research of Dirnhuber (21) indicated that the
efficacy of carbamate pretreatment in primates should protect the animals from
intoxication by an excess of 25 LD50 soman, the potential of encountering non-survivors
increases with extreme challenge. Therefore, although some animals can recover
following an exceedingly high dose of agent, this may not be the case for all animals.
Utilization of the high LD50 value of soman [15.3 ug/kg (2) instead of the reported 6.6
ug/kg (1)] may have contributed to the unexpected death of animal #2, #6 and #11..
Attempting to develop a treatment regimen that is capable of protecting all animals at a
realistic exposure to soman (5 LD50) is more important than achieving a system that will
protect some animals against exceedingly high doses of
soman.

Delayed death or failure of a pyridostigmine pretreated, soman-exposed, atropine,
2-PAM and diazepam treated animal to regain consciousness was unexpected, but has
been reported before (2). Not all carbamate pretreated animals that have been exposed
to high doses of soman and treated with atropine and 2-PAM can be expected to
survive; nevertheless the survival rate is at least 90%.

The data provided by animal #2, which expired on the second day of the study, is
still useful. The ability to control convulsions during the initial phase was clearly
evident. The dose of diazepam (250 ug/kg) is probably not responsible for the cause of
death in this animal since the control animal #i, treated under identical circumstances
except that the diazepam was administered nearly three hours after exposure to soman,
responded exceptionally well to the anticonvulsant. If diazepam were to be considered
responsible for the lack of recovery of consciousness and ultimate demise of animal #2,
certainly control animal #1 should have also succumbed. Nevertheless, this animal
demonstrated an apparently complete- recovery following the administration of the same
250 ugfkg dose of diazepam.

The prolonged apnea and very sudden death of animal #11 is not the usual clinical
course in carbamate pretreated, antidote treated animals. Since the animal died before
the usual onset of soman-induced convulsions, animal #11 was eliminated from this
study. Sudden death following a halt in respiration is the most common characteristic of
animals which have neither been pretreated nor treated following exposure to soman.
The second control animal (animal #6) receiving no diazepam, but being pretreated with
pyridostigmine and therapy with atropine and 2-PAM, developed the classical signs of
severe convulsions and loss of consciousness from which the animal slowly recovered.
The apparent complete recovery of this animal, to the extent that the animal was moving
about normally in the cage without difficulty, prior to sudden, unexpected death, has not
been o1 ;erved before. Since the recovery appeared normal, no additional precautions or
observation times were scheduled and the animal expired unobserved.
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The potential for neuropathology is expected in the two control animals, which
were not treated with diazepam, and potentially in the two animals that convulsed in
spite of low dose diazepam therapy. Animals that failed to produce tonic-clonic
convulsions may have been spared from neuropathology; however, validation of this
aspect of diazepam therapy is beyond the scope of this study. The scope of this
preliminary study is also limited by the minimal number of animals utilized the
experimental design, Table #1. The goal of this study was directed toward determining
whether a dose of diazepam lower than had been used in previous studies would prevent
the onset of tonic-clonic convulsions. Since a lower dose of diazepam prevented
convulsions and attempt was made to estimate the required dose within 50 ug/kg. Due
to the restricted number of primates and the non-geometric design of the diazepam dose
groups, the standard techniques of median dose determination could not be applied (24).

Conclusion

In pyridostigmine pretreated, soman exposed, atropine, 2-PAM and diazepam
treated rhesus monkeys, 100 ug/kg approximates the minimal dose of diazepam that will
prevent convulsions in mosi animals.
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Appendix

Clinical Course of Intoxication

and Recovery Following

Intoxication by Soman
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MONKEY #1

Time Event

-4 hr, 30 min Monkey #143, weighing 4.6 kg, was provided with the last oral
dose of mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min 2 ml blood sample was drawn for cholinesterase activity
determination. Red cell acetylcholinesterase activity was inhibited
43%.

0 min 5 LD50 (76.5 ug/kg) of soman was administered into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and diazepam vehicle were administered
intramuscularly into the quadriceps muscle mass of the right hind
limb.

1 min, 40 sec The onset of signs of intoxication occurred with some severe
tremors along the back and all four limbs of the animal.

2 min, 30 sec The animal was lying unconscious on its side, with its eyelids

blinking rapidly.

3 min, 30 sec Prolonged apnea, followed by several inspiratory gasps.

5 min The animal continued to lie unconscious on its side; a periodic
trembling of all four limbs was evident.

8 min The animal continued to lie on its side exhibiting severe tremors
and some salivation in spite of the atropine therapy.

9 min The severe tremors progressed into signs of convulsions with the
tail lashing wildly about.

12 min The animal continued to lie unconscious on its side demonstrating
some mild convulsive movements.

22 min The animal remained unconscious lying on its side with periodic
jerky movements of the limbs.

32 min The animal developed severe tonic-clonic convulsions with tail
lashing and opisthotonos.

34 min The animal became quieter and the convulsions ceased.
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40 min Periodically there were severe tremors which subsided and the
animal returned to an unresponsive coma.

1 hr The animal was still unconscious; the vital signs were stable and the

animal was returned to its cage.

1 hr, 6 min The animal suddenly became conscious and was able to sit up.

1 hr, 40 min The animal was able to stand up and to remain standing by holding
on to the side of the cage.

I hr, 50 min The animal became hyper-reactive to sound and visual stimuli.

2 hr, 4 min The animal lapsed into a second period of unconsciousness and
severe tonic-clonic convulsions.

2 hr, 13 min The convulsions subsided momentarily, but the animal remained

unconscious.

2 hr, 14 min The convulsive movements were enhanced.

2 hr, 20 min The convulsions stopped momentarily and then increased again.

2 hr, 30 min 400 ug/kg of atropine was injected intramuscularly into the
quadriceps of the left hind limb. There was no immediate effect on
the convulsions or state of consciousness.

2 hr, 40 min The severe convulsions continued without any signs of
improvement.

2 hr, 45 min The severe convulsive movements continued; the heart rate was 180
BPM. Respiration was mildly obstructed in spite of the atropine
therapy.

2 hr, 48 min 250 ug/kg of diazepam were injected intramuscularly into the
quadriceps of the right hind limb.

2 hr, 51 min The convulsions stopped suddenly. The animal remained lying on
the floor of the cage completely unconscious. Heart rate increased
to 220 BPM, respiration remained deep, clear and slower than
normal. Although the convulsions stopped, the animal remained
completely unconscious, unresponsive to touch or light and
developed some uncoordinated chewing movements.

4 hr The animal remained lying on the floor of the cagc unconscious,
unresponsive to touch, with some fasciculations along the back and
legs.
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6 hr The animal was sitting up quietly with its head in a downward
position. Some minor fasciculations continued.

8 hr The animal was lying quietly on the floor of the cage. Animal was
alert and accepted half of an orange piece and began eating.

20 hr The animal was apparently normal and was able to eat four
monkey chow biscuits and 1/4 of an orange.

24 hr The animal was completely alert, active and eating in an apparently
normal manner.

36 hr Animal continued to be completely normal.

48 hr The animal was normal and did not demonstrate any signs of
relapse.

Sammary: This is control animal #1 which was initially treated only with Valium vehicle. The
animal received no diazepam initially. The animal suffered tonic-clonic convulsions and a loss of
consciousness. At 2 hours and 45 minutes it appeared as though the animal would continue to
convulse, remain unconscious and not survive. The animal was treated with 250 ug/kg diazepam
(the same dose as diazepam used in monkey #2) and the tonic-clonic convulsions subsided within
three minutes.

17



MONKEY #2

TIME EVENT

-4 hr, 25 min Monkey #DA 104, weighing 5.5 kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg pyridostigmine.

-20 min 2 ml blood sample was removed for cholinesterase activity assay.
Red cell cholinesterase activity was inhibited 18%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intra-muscularly into
the gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 250 ug/kg diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min, 20 sec The animal was unconscious, lying on its side with some trembling
of the fore limbs.

3 min The animal was totally unconscious, lying quietly on its side
demonstrating no tremors or uncoordinated movements. There
was some salivation.

4 min A momentary respiratory halt was followed by a deep gasp, a
period of apnea and, again, a deep gasp. Some tremors of the
shoulder area were evident.

5 min Respiration improved, some fasciculations along the back were
evident.

6 min The animal was unconscious, respiration was adequate and tremors
of the shoulder muscles increased, but no convulsions were evident.

9 min Animal was unconscious, had pin point pupils and did not respond
to the light of a flashlight.

13 min The animal remained quiet and unconscious, the respiration was
deep, regular and unobstructed.

15 min The animal was unconscious,.demonstrating no response to light or
touch; there was no indication of convulsions.

30 min The animal continued to be comatose and un-responsive. Vital
signs were adequate.
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53 min The animal remained unconscious and unresponsive to light or
touch. The animal was returned to its holding cage.

1 hr, 45 min The animal continued to lie quietly on the floor of the cage.
Respiration and vital signs were near normal.

4 hr Animal continued to be unconscious and unresponsive. No
indication of convulsions were present.

8 hr No significant change.

24 hr Animal continued to lie quietly on the floor of the cage,
unresponsive to light or touch with no iridication of convulsions.
Vital signs were adequate, and the animal was provided with fluids
(Ringers lactate) administered subcutaneously to prevent
dehydration.

36 hr No improvement or signs of recovery, the animal continued to be
supported with fluid therapy.

40 hr Animal expired without showing any signs of recovery of
consciousness.

Summary: The animal received 250 ug/kg of diazepam along with the atropine and 2-PAM one
minute following the administration of soman. Although the animal demonstrated some tremors
along the back and fore limbs as well as some fasciculations, there was no clear indication that
tonic-clonic convulsions occurred. Although the animal was unconscious and may have suffered
seizures, there were no outward signs of convulsions following the administration of 250 ug/kg of
diazepam.
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MONKEY #3

Time Event

-4 hr, 30 min Monkey #DA158, weighing 3.8 kg, received its last oral dose of
mestinon equivalent to 1.2 mg/kg pyridostigmine.

-20 min 2 ml blood sample was drawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 39%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 150 ug/kg diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min, 30 sec Animal was unconscious and lying on its side.

3 min The animal demonstrated some apnea followed by deep inspiratory
gasps.

4 min The animal remained lying quietly on its side completely
unconscious; respiration was more regular.

7 min The animal remained 4nconscious and unresponsive, to touch with
deep, rapid and clear respiration.

11 min The animal continued to be unconscious, lying quietly on its side
with some tremors of the head and neck, but without
demonstrating signs of convulsions.

15 min The animal continued to be comatose and unresponsive.

20 min The animal remained quiet, unresponsive with some uncoordinated
movements of fore limbs.

43 min No significant improvement. Animal remained lying on its side
with some uncoordinated movement of the fore limbs. Animal was
returned to the cage.

I hr, 10 min The animal exhibited signs of consciousness and made attempts to
stand up in the cage.

1 hr, 40 min The animal stood up and remained standing by holding onto the
sides of the cage.
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2 hr The animal moved around in the cage in an ataxic uncoordinated
manner.

4 hr The animal sat up on the floor of the cage completely conscious;

some tremors of the shoulders and fore limbs remained.

8 hr The animal moved about in the cage in a normal manner.

24 hr The animal continued to respond in a normal manner.

48 hr The animal continued to respond in a normal manner without any
signs of intoxication.
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MONKEY #4

Time Event

-4 hr, 30 min Monkey #DA155, weighing 4.9 kg, received its last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min 2 ml blood sample was drawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 31%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
left gastrocnemius muscle mass.

1 min Atropine, 2-PAM and 100 ug/kg diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min, 20 sec Onset of signs of intoxication occurred with tremors and
fasiculations along the back. The animal was unconscious and
unresponsive to touch. Respiration appeared clear and adequate.

2 min, 40 sec Respiration stopped suddenly and started again folloAIng a period
of prolonged apnea.

3 min, 30 sec There were several periods of prolonged apnea followed by deep
gasps.

6 min The animal continued to be unconscious and unresponsive to touch
and to the light of a flashlight.

20 min The animal continued to be unconscious, but made some
uncoordinated movement of the hind limbs; there were no apparent
convulsions.

40 min No significant improvement. The animal was returned to the cage.

1 hr, 30 min The animal continued lying on its side, with no signs of convulsions.

2 hr, 10 min The animal stood up and remained standing by holding onto the
side of the cage.

2 hr, 30 min The animal continued to stand up but was completely disoriented
and bit the bars of the cage.

6 hr The animal continued to hold on to the side of the cage and was
not able to eat.

22



8 hr The animal sat on the floor of the cage, appeared fatigued and
depressed.

24 hr The animal was more alert, but remained sitting on the floor of the
cage, still fatigued and depressed.

36 hr Some mild fasciculations of the lower back continued. The animal
appeared nearly normal.

48 hr The animal was apparently normal and ate without difficulty.

Summary: Although this animal demonstrated tremors, no obvious signs of tonic-clonic
convulsions were apparent following therapy with 100 uglkg of diazepam.
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MONKEY #5

Time Event

-4 hr, 30 min Monkey #13943, weighing 3.5 kg, was given last oral dose of
mestinon equivalent to 1.2 mg/kg pyridostigmine.

-20 min 2 ml of blood was withdrawn for cholinesterase activity. Red cell
cholinesterase activity was inhibited 35%.

0 min 5 LD50 (76.5 ug/kg) of soman was administered intramuscularly
into the gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 50 ug/kg diazepam were administered
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min, 30 sec The animal suddenly became unconscious and laid down on its
side; it demonstrated some trembling of all four limbs, but no signs
of convulsions.

3 min, 30 sec The animal continued to lie on its side. It was unconscious,
unresponsive to touch or the light of a flashlight. Minimal tremors
in all four legs continued. Respiration remained stable with no
signs of apnea.

4 min The animal demonstrated some response to touch.

6 min The animal continued to lie on its side, was unconscious and
unresponsive to touch.

9 min There was no significant improvement, the animal remained
unconscious.

18 min The animal was still in an unconscious coma, the pupils were -

severely constricted.

25 min The animal remained quiet and unconscious, respiration was deep
and clear. The pupils remained severely constricted. There were
no visible indications of convulsions.

30 min The animal continued to lie on its side in an unconscious,
unresponsive coma with no indication of convulsions.

50 min There was no significant change, the animal remained in an
unconscious coma.
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55 min The vital signs were within normal limits, the animal remained

unconscious and was returned to the holding cage.

1 hr The animal remained unconscious without visible convulsions.

2 hr No significant improvement.

4 hr The animal continued to lie on the floor of the cage unconscious
and unresponsive, demonstrating no apparent convulsions.

6 hr No significant improvement.

8 hr No apparent improvement.

12 hr The animal was conscious and moving about in the cage in an
uncoordinated manner.

24 hr The animal appeared to be completely normal.

Summary: The animal continued normal throughout the remainder of the 48-hour observation
period without any indication of relapse. Fifty (50) ug/kg diazepam apparently prevented visible
signs of convulsions in this soman-intoxicated animal.
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MONKEY #6

Time Event

-4hr, 30min Monkey #13472, weighing 2.9 kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min 2 ml blood sample was withdrawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 40%.

0 min 5 LD50 (76.5 ugfkg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and the diazepam vehicle were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

1 min, 30 sec The animal laid down on its side. The animal became unconscious
and unresponsive to touch; respiration was rapid and shallow.

2 min, 20 sec Respiration had slowed to 6 breaths per minute.

3 min Periodic apnea, some uncoordinated thrashing of the hind limbs
without definite signs of convulsions.

4 min The animal still suffered some periods of respiratory apnea
followed by deep inspiratory gasps.

6 min Periods of apnea decreased; the animal remained completely
unconscious and unresponsive to touch.

10 min The respiration improved to a more regular pattern; there was no
response to touch or to the light of a flashlight. There were no
signs of convulsions.

14 min Tremors of the head and neck increased; some jerking movements
of the limbs were observed.

15 min Some clonic contractions of the fore limbs occurred with some
indication of tonic-clonic jerking movements.

19 min Severe tonic-clonic movements of the limbs occurred.

20 min The convulsive movements subsided leading to more disorganized
tremors of the limbs.
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24 min The tonic-clonic movements developed into severe periodic
convulsive movements which would stop suddenly and then reoccur.

27 min Another violent period of tonic-cloni convulsions occurred and then
stopped.

28 min The animal was quiet, completely unconscious and unresponsive to
touch.

29 min A short period of severe tonic-clonic convulsions occurred.

35 min Another period of severe tonic-clonic convulsions occurred which
were followed by a period of complete quiescence.

I hr, 15 min The animal was completely unconscious and unresponsive: it
remained lying on its side with no visible convulsive movements.

I hr, 30 min Vital signs were adequate and the animal was returned to the
holding cage in a comatose state.

2 hr The animal had not regained consciousness, the animal remained
completely quiet and unresponsive.

4 hr No significant change.

8 hr The animal was unconscious, lying on its side and not responsive to
touch, with signs of severe gastrointestinal distress and diarrhea.
No signs of convulsive movements were evident.

12 hr The animal was still unconscious and unresponsive to touch. Signs
of convulsions were not evident.

24 hr The animal was alert and was moving around in the cage without
difficulty. The animal was able to eat but demonstrated a slight
degree of depression and fatigue.

36 hr The animal appeared normal.

48 hr The animal appeared to have recovered completely, was able to
move about its cage with ease and responded well to visual and
auditory stimuli. The animal ate monkey chow biscuits and
appeared to have recovered from the severe GI distress.
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72 hr The animal expired beyond the normal observation period. The
exact cause of death could not be determined. However, the
necropsy results indicated neuronal degeneration and necrosis.
Death-may have resulted from severe neuropathology of.the
hippocampus and cerebrum. No peripheral cause of death could
be identified.

Summary: This control animal which did not receive diazepam therapy endured severe
convulsions.
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MONKEY #7

Time Event

-4 hr, 30 min Monkey #13419, weighing 3.0 kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min 2 ml blood sample was withdrawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 43%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 50 ug/kg diazepam were administered
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min The animal lay its side completely immobile and unconscious.

2 min, 30 sec There was a prolonged period of respiratory halt, followed by a
deep gasp leading to another period of apnea.

3 min, 20 sec Respiratory halt lasting more than 20 seconds.

4 min A respiratory halt was followed by a deep respiratory gasp. The
animal was completely unconscious exhibiting no movement of the
head or limbs.

5 min Respiration had improved in depth and rate.

6 min Some tremor of the shoulder muscle was evident.

7 min, 30 sec Tonic-clonic convulsions occurred.

8 min, 30 sec Tremors and convulsions persisted.

10 min, 30 sec Convulsive movements continued in both the fore and hind limbs.

12 min The convulsive movements became more severe.

13 min, 30 sec The convulsive movements stopped suddenly.

15 min The animal was quiet, unconscious and unresponsive to touch.

18 min Periodic tonic-clonic movements continued. A slight response to
the light of a flashlight was evident.
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22 min The animal was unconscious, but periodic running movements of
the fore and hind limbs were evident.

36 min A slight response to touch was evident, and the animal was
returned to the holding cage.

45 min The animal remained on the cage floor, demonstrated a visual
response and some uncontrolled movement of the limbs.

1 hr, 15 min The animal was standing up in the cage, holding on to the side for
support. Severe tremors of shoulder muscles persisted.

1 hr, 40 The animal demonstrated a good visual response as well as an
intermittent vocal response.

2 hr, 45 min The animal was sitting quietly in the cage, depressed and fatigued;
it no longer demonstrated tremors or convulsive movements.

4 hr The animal continued to sit quietly in the cage apparently
depressed and fatigued.

6 hr No significant improvement.

8 hr The animal continuea to sit up in an apparently normal condition,
but some fatigue was evident.

12 hr The animal continued to appear normal; it responded aggressively
to the animal handler.

24 hr The animal moved about its holding cage without difficulty. The
animal was eating normally and demonstrated no further signs of
intoxication.

48 hr The animal appeared normal and did not suffer a period of relapse.

Summary: This was the second animal that received 50 ug/kg of diazepam. The convulsive
movements were not stopped with this dose of diazepam in this animal. Therefore, the dose in
succeeding animals was increased to 100 ug/kg.
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MONKEY #8

Time Event

-4 hr, 30 min Monkey #12430, weighing 3.4 *kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min 2 ml blood sample was withdrawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 40%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 100 ug/kg of diazepam was administered
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min The animal lay down on its side, apparently unconscious.

3 min The animal was comatose; respiration had ceased completely.

3 min, 30 sec The animal made a deep respiratory gasp, leading to another
period of apnea.

4 min The animal provided another inspiratory gasp.

5 min Periods of apnea continued, mixed with respiratory gasps; the
animal was totally unconscious and unresponsive to stimuli.

7 min The depressed respiration and the prolonged periods of apnea
continued.

9 min Respiration improved, but animal remained completely comatose.

11 min The respiratory rate improved; however, the animal remained
completely unconscious and unresponsive to touch.

12 min The animal made periodic head movements but remained
unconscious: respiration was nearly normal.

18 min There was no significant change; the animal remained completely
unresponsive and unconscious.

22 min Some visual response was evident as the animal responded to the

light of a flashlight.

36 min The animal remained unconscious and was returned to the cage.
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50 min Respiration was regular, but the animal remained unconscious,

lying on the floor of the cage and making no attempt to get up.

I iir, 15 min The animal was responsive to touch but made no effort to get up.

2 hr The animal was able to stand and to remain standing by holding
onto the sides of the cage. The animal made some unsuccessful
attempts to eat an orange.

4 hr The animal remained sitting on the floor of the cage with some
tremors of the upper and lower limbs, but without convulsions or
loss of consciousness.

8 hr The animal appeared normal.

12 hr The animal was moving about the cage without difficulty and
appeared normal.

24 hr The animal appeared to have recovered completely and did not
show signs of relapse throughout the remainder of observation
period.

Summary: The intramuscular administration of 100 ug/kg diazepam was sufficient to prevent the
onset of severe tonic-clonic convulsions.

32



MONKEY #9

Time Event

-4 hr, 30 min Monkey #13833, weighing 3.2 kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

- 20 min A 2 ml blood sample was withdrawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 35%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 100 ug/kg of diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min The animal attempted to stay on its feet exhibiting some
incoordination and jerking movements.

3 min The animal lay quietly on its side exhibiting periods of prolonged
apnea.

4 min The animal was very quiet, demonstrating no movement or
response to touch. There was no indication of an onset of
convulsions.

5 min The respiration had improved to a deeper, faster pattern.

7 min Some excess salivation and some respiratory obstruction were
evident. The eyelids were moving in a rhythmic fluttering pattern,
but there was no peripheral indication of tonic-clonic convulsions.

9 min The animal was quiet and unresponsive to touch.

15 min The animal continued to be comatose, unresponsive to touch or the
light of a flashlight. Respiration was rapid, regular and clear.

25 min The animal continued to be unconscious, demonstrating no signs of
convulsions.

42 min Animal continued in a comatose state; the respiration was slightly
obstructed.

1 hr, 30 min The animal was returned to the cage where it continued to lie on
its side in a semiconscious state.
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4 hr The animal had recovered consciousness and appeared normal
except for some excessive salivation and mild tremors and
fasciculations of the muscles of the back and hind limbs.

8 hr The animal continued to respond normally.

24 hr The animal appeared to have recovered completely and did not
regress or relapse during the 48-hr observation period.

Summary: The dose of 100 ug/kg of diazepam prevented the onset of severe tonic-clonic
convulsions.
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MONKEY #10

TIME EVENT

-4 hr 30 min Monkey #13842, weighing 3.3 kg, was given the last oral dose of
mestinon equivalent to 1.2mg/kg of pyridostigmine.

-20 min 2 ml of blood were withdrawn for cholinesterase activity
determination. Red cell acetylcholinesterase activity was inhibited
36%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 100 ug/kg of diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

2 min The animal lay on its side unconscious; respiration stopped
abruptly.

3 min The animal continued to lay on its side completely unconscious
with no signs of respiration.

4 min The animal produced its first deep respiratory gasp. There was no
movement and no signs of consciousness.

5 min The animal produced several deep respiratory gasps with
momentary apnea. The animal remained unconscious and
demonstrated no response to touch.

7 min The periods of apnea, followed by deep respiratory gasps
continued. The animal remained completely unconscious.

9 min Respiration was more regular. There was no response to touch and
no movement of the limbs, but some periodic movement of the
head.

11 min Respiration was regular and adequate with some irregular twitching
movements of the limbs.

13 min Movement of the fore limbs And hind limbs had increased. There
were no indications of convulsions, no response to touch or any
indication of consciousness.

16 min The movement in the hind limbs progressed then stopped and were
followed by periods of quiescence.
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18 min The movement of the hind limbs continued, there were no signs of
movement in the fore limbs, no response to touch or light.

22 min There was a periodic tremor in the hind limbs which stopped for
short intervals.

25 min Severe hind limb tremors occurred which would stop periodically.
There was no involvement of the fore limbs or head and neck. The
animal remained completely unconscious.

28 min The animal had some severe tremors of the hind limbs followed by
a period of quiescence.

33 min Tonic-clonic convulsions occurred which were definite and severe,
but they only occurred for a period of 30 seconds and then the
animal was completely quiet.

36 min A brief period (15 seconds) of severe convulsions occurred and
then the animal was quiet.

37 min Another 15-second interval of severe convulsions occurred followed
by a period of quiescence.

44 min The animal remained quiet since the 37-minute observation. No
additional convulsive movements were observed.

53 min The animal remained completely quiescent demonstrating no

response to touch or light.

1 hr 5 min The animal was returned to its holding cage.

1 hr 30 min The animal was able to raise its head slightly. The animal
appeared semiconscious but made no attempt to get up.

2 hr The animal continued lying on the floor of the cage, demonstrated
some tremors, and fasciculations along the neck and shoulders of
the animal.

4 hr The animal was able to sit up and move around in the cage.

6 hr The animal was able to move* about in the cage, but appeared
weak, disoriented, and fatigued. The tremors and fasciculation of
the upper and lower body continued.

8 hr The animal was able to move about in the cage in an
uncoordinated manner.
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12 hr No significant improvement during this last 4 hours.

24 hr The animal appeared to be normal, was able to move about the
cage with ease, and ate without difficulty. The animal remained
normal during the remainder of the 48-hr observation period.

Summary: The dose of 100 ug/kg of diazepam did not prevent the onset of several short periods
of tonic-clonic convulsions in this animal.
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MONKEY #11

Time Event

-4 hr, 30 min Monkey #13839, weighing 2.9 kg, was given the last oral dose of
mestinon equivalent to 1.2 mg/kg of pyridostigmine.

-20 min A 2 ml blood sample was drawn for cholinesterase activity
determination. Red cell cholinesterase activity was inhibited 37%.

0 min 5 LD50 (76.5 ug/kg) of soman was injected intramuscularly into the
gastrocnemius muscle mass of the left hind limb.

1 min Atropine, 2-PAM and 100 ug/kg diazepam were injected
intramuscularly into the quadriceps muscle mass of the right hind
limb.

1 min, 30 sec The animal collapsed and remained lying on its side.

2 min There was no movement, no respiration or signs of consciousness in
the animal.

2.5 min A respiratory gasp occurred followed by another period of
prolonged apnea.

4 min Another deep respiratory gasp followed by period of apnea.

5 min Respiration appeared to have recovered; respiration was shallow
but regular.

9 min The animal expired suddenly. Cause of death was assumed to be
due to cardiovascular and respiratory collapse.
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